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Motivation
• The CERES EBAF product is a climate quality dataset that monitors the Earth’s
reflected solar and emitted IR flux, that is used to validate climate models.
• The CERES EBAF product relies on consistent temporal quality of cloud, aerosol,
and atmospheric profile inputs to aid in converting the CERES observed
instantaneous radiances into fluxes
• Any change in the input version may cause a discontinuity in the CERES EBAF flux record.
• These artificial discontinuities may be interpreted climate signals by users

• The CERES cloud properties are based on MODIS and VIIRS imager retrievals.
• In order to avoid discontinuities between successive MODIS and VIIRS imager cloud
properties, the MODIS and VIIRS imager must be radiometrically scaled.

• CERES and the GSICS community currently uses the sequence of MODIS and VIIRS
imager to inter-calibrate geostationary reflective solar bands
• The MODIS and VIIRS visible channels must be able to transfer a well-calibrated and stable
reference calibration throughout the record
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• Terra and Aqua to start deorbiting in 2021, orbit will start drifting to about 9AM or 3PM in 2025,
when the onboard sensors will no longer collect data
• For the CERES project the GEO visible calibration will be referenced to the sequence of Terra,
Aqua, SNPP, NOAA-20, JPSS-2,3, and 4, which all will be radiometrically scaled to the same
absolute calibration reference (CLARREO).

Low Earth Orbit inter-calibration methods
• Simultaneous ray-matched observations

• If in the same orbit at differing altitudes use tropical intersects

• All-sky Tropical Ocean (ATO-RM), samples complete radiance range of Earth observations
• Deep Convective Cloud targets DCC-RM, brightest Earth targets

• If the sun-synchronous orbits have differing local equator crossing time

• Polar SNO intersects, oblique solar angles, only half of the year has sufficient solar illumination

• Earth invariant targets

• Deserts (Libya-4)
• Tropical ensemble Deep Convective Clouds (DCC-IT)
• Polar ice (Dome-C)

• Lunar Target
• Use GEOs as Transfer Radiometers

• All low Earth orbits transect the GEO domain to provide simultaneous ray-matched
observations

• Best using GEOs with very similar channel spectral response functions (Him-8, GOES-16)

SNPP and JPSS operational 13:30 PM sunsynchronous orbit positions

• SNPP and NOAA-20 (JPSS-1) are in the same sun-synchronous 1:30PM local equator crossing time orbits
• Both SNPP (825 km) and NOAA-20 (825km) are at the same altitude the orbits do not intersect at all
• No simultaneous SNPP and NOAA-20 direct compare observations possible

SNPP and Aqua orbital intersects
Polar transects

Tropical transects

• SNPP and Aqua are in the same sun-synchronous 1:30PM local equator crossing time orbits
• Since SNPP (825 km) and Aqua (705km) are at two different altitude the orbits intersect every ~2.5 days over the tropics
• This allows simultaneous SNPP and Aqua direct compare observations

MODIS and VIIRS ATO-RM and DCC-RM
• All-sky Tropical Ocean Ray-Matching (ATO-RM)

• Grid pixel level radiances into 0.5° by 0.5° latitude by longitude regions

• Deep Convective Cloud Ray-Matching (DCC-RM)

• Find the coldest 11µm BT pixels in the MODIS image
• Average the pixel-level radiances within a 30-km diameter
• Average the corresponding 30-km pixel-level radiance for VIIRS

• Linearly regress monthly the MODIS and VIIRS radiance pairs

• Angle and time match the MODIS and VIIRS instantaneous radiance pairs
• Account for the solar zenith angle and spectral band difference

• Monitor the monthly MODIS and VIIRS ratios over time

MODIS and VIIRS ATO-RM and DCC-RM
Oct 2014, ATO-RM
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1.1%

• For this month the time
difference is ~ 2 minutes and
the monthly standard error is
~2%
• When the time difference is
~11 minutes in October 2012,
the standard error is ~7%

The visible spectral response function (SRF)
https://satcorps.larc.nasa.gov/cgi-bin/site/showdoc?docid=194&c=home2

• For 0.48µm, MODIS B3 and
VIIRS M3 have little overlap
• For 0.55µm, MODIS B4 and
VIIRS M4 have similar SRFs
• For 0.65µm, MODIS B1 and
VIIRS I1 bands are similar, but
not MODIS B1 and VIIRS M5
bands
• For 0.86µm, the MODIS B2
and VIIRS M7 bands have
similar SRFs

Spectral band adjustment factors (SBAF)
https://satcorps.larc.nasa.gov/cgi-bin/site/showdoc?docid=194&c=home2

All-Sky Tropical Ocean

Convolve the ENVISAT (10AM) SCIAMACHY
spectral radiances using the Aqua-MODIS B1
and VIIRS I1 spectral response functions over
the given scene conditions
• For all all-sky tropical ocean conditions the
scene conditions are dependent on the
radiance. Use 2nd order fit to determine SBAF
as a function of radiance
• The SBAF represents the average
conditions over the scene type, best used
when the inter-calibration domain also
contains the average conditions
•

Spectral band adjustment factors (SBAF)
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• Validate using single scene (DCC, ice
cloud, water cloud and clear-ocean) to
validate the ATO 2nd order fit
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• Even for SRFs that are very similar the
scene conditions must be properly
accounted for in the SBAF

MODIS and VIIRS solar spectra and solar constant
https://satcorps.larc.nasa.gov/cgi-bin/site/showdoc?mnemonic=SOLAR-CONSTANT-COMPARISONS
Both MODIS and VIIRS RSB calibration is reflectance based
MODIS uses for 0.4 to 0.8µm Thuillier et al 1998,
0.8 to 1.1µm Neckel and Labs, 1984
1.1 to 2.3µm Smith Gottlieb 1974
VIIRS uses MODTRAN 4.3 solar spectra
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Inter-calibration performed using Radiances for this study

DCC PICS

• DCC is a statistical approach that assumes that
the collective tropical DCC reflectance is
invariant, since DCC behave as solar diffusers for
near nadir view and solar angles
• DCC pixels are identified as having a BT<205K
• DCC pixels with SZA<40° and VZA<40° are
selected
• DCC pixels must come from DCC cells that have
a homogeneity reflectance of VIS<3% and IR<1K
• Apply DCC BRDF, which in this case is a very
small adjustment
•¨The DCC pixels are compiled into a monthly
probability density functions (PDFs) and the PDF
mode DCC radiance is tracked over time. For
wavelengths>1µm use the mode statistic

Libya-4 PICS

B1 (0.65µm)

B1 (0.48µm)

• It was found that the backscatter and forward scatter radiances vary differently
with cos(SZA) and is dependent on the Rayleigh scattering contribution

• Aqua MODIS
VZA<5°, 50-km ROI
radiances are
regressed against the
cos(SZA) for the first
5-year of operation
• To compare the
VIIRS radiance with
MODIS, the predicted
MODIS radiance is
based on the VIIRS
cos(SZA)

Dome-C PICS

B1 (0.65µm)

B1 (0.86µm)

• It was found that the snow surface is brighter before solstice and darker
afterwards. The difference increases with wavelength. This is because the snow
particles are increasing in size as the sun’s energy is absorbed and melts the snow.

• Aqua MODIS
VZA<10°, 50-km ROI
radiances are
regressed against the
cos(SZA) for the first
5-year of operation
• To compare the
VIIRS radiance with
MODIS, the predicted
MODIS radiance is
based on the VIIRS
cos(SZA)

Comparison of the RM and PICS mean MODIS
and VIIRS ratios

• Each method has varying advantages and disadvantages depending on the wavelength
• For this wavelength the ray-matching and DCC methods provide the lowest uncertainties over time
• The Libya-4 and Dome-C targets have surface reflectance varies over time
• For this channel the MODIS and VIIRS ratio is slightly decreasing over time, which indicates that there is a relative
calibration drift.

MODIS and GEO (MTSAT-2) solar and view
angle matching

• The MODIS/GEO ray-matched locations are very limited and usually occur over back-scatter conditions
• The gridded matched in angle and time MODIS and GEO are linearly regressed monthly

NPP-VIIRS I1 and Met-10 ATO-RM
July 2015

• Meteosat-10 has no onboard calibration and is degrading in time relative to NPP-VIIRS, which has onboard calibration
• To compute the MODIS/VIIRS ratio, take the ratio of the mean Meteosat gains with respect to MODIS and VIIRS
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• The Himawari-8, GOES-16 and Meteosat-10 spectral response functions are similar to MODIS or VIIRS
• The Aqua-MODIS Band 2 0.86µm saturates over DCC and limits the calibration to other invariant targets and careful
application of ATO ray-matching approaches
• Algorithm improvements include more scene dependent SBAFs, stricter GEO/MODIS angular matching, and invariant
target characterization
• The calibration ratios are based on the record mean and do not account for response versus scan angle, polarization,
and other short term anomalies such as calibration drifts

Conclusions
• The CERES project and GSICS community requires an absolute calibration
reference based on sequential MODIS and VIIRS records
• This requires inter-calibration between sensors
• Use multiple ray-matching, invariant target and transfer radiometers

• The JPSS or NOAA satellite will be in the same 1:30 orbit but spaced 45
minutes apart
• This will prevent any direct comparison of coincident VIIRS radiances

• The Invariant target and transfer radiometers provide very similar MODIS
and VIIRS calibration ratios within 1.5%
• Improvements in SBAF, GEO/VIIRS Ray-matching, and invariant target calibration
methods should provide more consistent multi-independent approach calibration
ratios

